decomposition (Smith et al., 1998) , less is known about the interactions of substrate characteristics and micro- Elliott, 1996) . It is tempting to postulate that the utilizadetritusphere than bulk soil. Carbon-13 was slowest to appear in tion of these C pools is associated with different groups Plant litter is already colonized with microorganisms before its senescence (Tester, 1988), but bacterial and fungal biomass increase as decomposition proceeds (e.g., D ecomposition of plant residues is a major ecosysWessé n and Berg, 1986; Parmelee et al., 1989 ; Henriksen tem process that is important in recycling nutriand Breland, 1999; Malosso et al., 2004). Many studies ents, maintaining organic matter, and fueling food webs have shown an increase in the relative amounts of fungi in soils. Consequently, litter decomposition has been studvs. bacteria during decomposition (Neely et al., 1991; ied extensively (e.g., Swift et al., 1979; Cadisch and Giller, Beare et al., 1992; Lundquist et al., 1999; Henriksen and 1997; Berg and McClaugherty, 2003). Regulation of deBreland, 2002), but some have observed fairly constant composition is a function of the intrinsic quality of the or even declining fungal/bacterial ratio (Broder and Wagsubstrate (the chemical constituents of the residue), exner, 1988; Lundquist et al., 1999) . The different patterns trinsic environmental factors (such as temperature, moisin fungal and bacterial biomass that have been observed ture, etc.), and the composition of the decomposing commay be due in part to differences in the methods used munity. Although the effects of microclimatic variables in these studies. The ratio of culturable copiotrophic to and substrate quality on decomposition are well underoligotrophic bacteria was found to increase during the stood and are the primary controllers used in models of first 3 wk of decomposition and then decline (Hu et al., 1999) RNA fingerprinting have also found microbial com-
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ecomposition of plant residues is a major ecosysWessé n and Berg, 1986; Parmelee et al., 1989 ; Henriksen tem process that is important in recycling nutriand Breland, 1999; Malosso et al., 2004) . Many studies ents, maintaining organic matter, and fueling food webs have shown an increase in the relative amounts of fungi in soils. Consequently, litter decomposition has been studvs. bacteria during decomposition (Neely et al., 1991; ied extensively (e.g., Swift et al., 1979; Cadisch and Giller, Beare et al., 1992; Lundquist et al., 1999; Henriksen and 1997; Berg and McClaugherty, 2003) . Regulation of deBreland, 2002) , but some have observed fairly constant composition is a function of the intrinsic quality of the or even declining fungal/bacterial ratio (Broder and Wagsubstrate (the chemical constituents of the residue), exner, 1988; Lundquist et al., 1999) . The different patterns trinsic environmental factors (such as temperature, moisin fungal and bacterial biomass that have been observed ture, etc.), and the composition of the decomposing commay be due in part to differences in the methods used munity. Although the effects of microclimatic variables in these studies. The ratio of culturable copiotrophic to and substrate quality on decomposition are well underoligotrophic bacteria was found to increase during the stood and are the primary controllers used in models of first 3 wk of decomposition and then decline (Hu et al., 1999) and the types of fungi isolated changed during lit- ter decomposition (Frankland, 1998 (Sharma et al., 1998; Thirup et al., 2001 Thirup et al., , 2003  Sciences Bldg., Athens, GA 30602. The activity of microbial communities has been linked with six 120-mL injections of unlabeled CO 2 . The headspace to the degradation of 13 C-labeled substrates by using concentration was allowed to drop to about 150 L L Ϫ1 be-GC-C-IRMS, or compound-specific IRMS (Boschker and tween chase injections. Ryegrass was allowed to mature in Middelburg, 2002; Zhang, 2002) . At first, this approach the field and was harvested in July 2002. was focused on the use of individual C compounds, such was collected from a location adjacent to as acetate, glucose, methane, and toluene (e.g., Boschthe plots in July 2002. The soil is classified as a Woodburn silty loam (Fine-silty, mixed, superactive, mesic Aquultic Arker et Arao, 1999; Hanson et al., 1999; Bull gixerolls interaction between the composition of the decomposing community and the constituents of ryegrass straw during decomposition in soil. In particular, we were inExperimental Design terested in determining: (1) how microbial community Microcosms were prepared in 1-L canning jars with airstructure, as indicated by PLFA composition, changes dried soil (150 g oven dry weight), a C amendment, and deionthrough time and if predictable trends in microbial comized water to bring the soil to about field capacity (0.29 g munity structure could be discerned; (2) To prepare straw treatments, residue was mixed with about (4) if microbial community composition varied between 120 g of soil and transferred to the jar, which contained 24.0 mL bulk soil and decomposing straw (detritusphere).
of water. This method resulted in more uniform wetting of the fine-textured soil. The remaining soil was poured on top to ensure burial of all plant residue. An additional 7.5 mL of
MATERIALS AND METHODS
water was pipetted evenly over the soil surface. Leachate
Soil and Amendment Preparation
treatments were prepared by dispensing 29.0 mL of leachate into the bottom of the jar, adding all the soil and pipetting In fall 2001, annual ryegrass was planted in the field at an additional 2.5 mL of water on the soil surface. The control the Hyslop Research Farm located north of Corvallis, OR without added C was prepared similarly to the leachate treat-(44Њ38Ј N, 123Њ12Ј W). Plants were labeled with 13 C using a ment. Twenty-four replicates of each treatment were prepulse-chase technique weekly between early April and midpared. Jars were covered with eight layers of cheesecloth to May 2002. A Plexiglas labeling chamber (60 ϫ 60 ϫ 75 cm) allow adequate ventilation but slow water loss. Microcosms was placed over the plants and the soil-chamber interface were placed in an incubator at 25ЊC using a blocked design sealed with wet mud. To generate 13 CO 2 , 5 mL of 4 M HCl with each of four shelves representing a block. Replicates was added to 150 mg of 99 atom% NaH 13 CO 3 in a sealed were arranged on the shelves using a Latin rectangle design. 120-mL serum bottle. The gas was collected in two 60-mL Four randomly selected replicates (one from each block) syringes and injected into the headspace of the labeling chamof each treatment were destructively sampled at six times ber. The 120-mL injection raised the CO 2 in the chamber by throughout the 80-d incubation. Sampling took place after 0.6, about 400 L L Ϫ1 . To ensure complete transfer of 13 CO 2 to 1.6, 15, 18, 50, and 80 d. Soil was homogenized in each jar the chamber, air was injected into the bottle, removed, and injected into the chamber three times. Carbon dioxide conbefore sampling. Straw was removed from soil to form a detri- 
Nomenclature

Phospholipid Fatty Acid Analysis
Phospholipid fatty acids were named using standard nomenclature and assigned to taxonomic groups based on reviews We isolated PLFAs using a single-phase extraction method and recent literature (Stahl and Klug, 1996; Zelles, 1999; Myers (White and Ringelberg, 1998) as modified by Butler et al. et al., 2001; Ruess et al., 2002; DeForest et al., 2004; Waldrop (2003) with the following adjustments. Detritusphere samples et al., 2004) . Terminally branched saturated PLFAs (i14:0, (0.5-1.5 g oven dry weight) were extracted using 10 mL of a15:0, i15:0, i16:0, a17:0, i17:0) were considered markers for methanol, 5 mL of chloroform, and 4 mL of phosphate buffer.
gram-positive bacteria and mid-chain branched saturated The centrifugation step was repeated using 20 mL of methanol PLFAs (10Me16:0, 10Me17:0) were associated with actinoand 10 mL of chloroform with soil; detritusphere samples mycetes. Gram-negative bacteria were associated with some received 7 mL of methanol and 3.5 mL of chloroform. Thirty monounsaturated PLFAs (16:17, 17:1, 18:17) and cyclopromilliliters of 3 M NaCl solution was added to filtrate from soil pyl saturated PLFAs (cy17:0, cy19:0). Short or odd-chain satsamples to induce phase separation; 1.0 g of Na 2 SO 4 crystals urated PLFAs (14:0, 15:0, 17:0) were considered non-specific was also added to remove trapped water mixed in the chlorobacterial markers. We considered 18:26,9 and 18:19 as form phase. Detritusphere samples received 10 mL of 3 M markers for fungi. Common saturated PLFAs (16:0, 18:0) that NaCl and 0.5 g of Na 2 SO 4 . Samples were placed in a warm are present in all organisms were not assigned to a taxonomic water bath (Ͻ35ЊC) during all N 2 drying steps. Bulk lipids group. Ratios of fungal/bacterial PLFAs were calculated from were dried in serum bottles, which were closed with a septum the mole percentage of the designated fungal and bacterial and crimp-top, flushed with N 2 and evacuated twice, overpresPLFAs (Bailey et al., 2002; . surized with N 2 gas, and frozen at Ϫ80ЊC until separation of PLFAs. Lipids were separated by solid-phase extraction using silicic acid columns and PLFAs stored under N 2 at Ϫ80ЊC
Data Analysis until methylation. Fatty acid methyl esters (FAMEs) produced
All 20 peaks were not present in every sample. Incomplete during mild alkaline methanolysis were extracted using 2 mL lipid profiles were caused by low total lipids measured, preof 4:1 hexane/chloroform, 200 L of 1 M acetic acid, and 2 mL sumably because of variations in extraction efficiency. When of deionized water. Phospholipids partitioned into the top this occurred, we excluded the sample from further analysis. layer, which was transferred to another tube. An additional Our general criterion for exclusion was when more than four 2 mL of 4:1 hexane/chloroform was added to the first tube, peaks were missing relative to the number present in other allowed to sit for 5 min, and also transferred to the second replicates. This criterion was based on empirical observations tube. Fatty acid methyl esters were transferred to 200-L that the absence of more than four peaks resulted in that pulled glass inserts in 2-mL Agilent vials (Agilent Inc., Palo sample being an outlier in an ordination analysis. TwentyAlto, CA) using three 50-L aliquots of chloroform. Chlorofour of 144 samples were either lost during extraction or exform was gently evaporated under N 2 gas. Fatty acid methyl cluded based on this criterion. esters were resuspended in 40 L of chloroform, closed with All multivariate data analysis was conducted using PC-ORD a septum screw lid, and stored at Ϫ20ЊC until analysis.
v. 4.0 (McCune and Mefford, 1999) . Phospholipid fatty acid profiles were analyzed using principal components analysis Gas Chromatography-Combustion Isotope Ratio (PCA) on a correlation matrix of mole percentage values. Data Mass Spectroscopy were determined to meet linearity and normality assumptions through examination of summary statistics of each PLFA. A Fatty acid methyl esters were separated by capillary chromatography using an Agilent 6890 (Agilent Inc., Palo Alto, multi-response permutation procedure (MRPP) was used to test the hypotheses of no difference between detritusphere CA) capillary gas chromatograph equipped with a 30-m Hewlett-Packard Innowax 2 column (Hewlett Packard, Palo Alto, and bulk soil at all times and no difference between times for a given treatment. The MRPP is a nonparametric method for CA; 0.25 mm i.d., 0.25 m film) connected to a Europa OR-CHID on-line combustion interface attached to a Europa 20-20 testing group differences that is not constrained by distributional assumptions (McCune and Grace, 2002) . The MRPP isotope ratio mass spectrometer (PDZ Europa Ltd., Crewe, Cheshire, England). The starting temperature was 120ЊC, and provides a measure of effect size (A ), which describes within group homogeneity; perfect homogeneity produces A ϭ 1. was ramped up to 250ЊC in 5ЊC per min increments. The run was terminated after the system had been at 250ЊC for 5 min.
Significance of A is tested using a randomization test. Euclidean distance measure was used for MRPP to be compatible Fatty acid methyl esters move off the column based on boiling points and pass through the combustion unit where they are with PCA. When significant treatment or time differences were identiconverted to CO 2 before analysis by the IRMS.
Chromatograms were processed using GC Post Processor fied by MRPP, groups were chosen from PCA ordination plots for indicator species analysis (ISA). A perfect indicator, or v.2.5 (PDZ Europa Ltd., Crewe, Cheshire, England). Peaks were identified based on comparison with a known lipid profile PLFA in this case, is always present in the group for which it is an indicator and occurs in no other group (McCune and generated by GC-MS analysis of PLFAs from similar soil (Butler et al., 2003) . Twenty peaks were identified and anaGrace, 2002). Statistical significance of an indicator value was tested by a Monte Carlo method with 1000 randomizations lyzed on a mole percentage basis based on relative areas of the peaks in a chromatogram.
of samples among groups. The PLFAs were considered indicators if they were significant with p ϭ 0.001, except in leached The ␦ 13 C values were determined based on CO 2 pulse standards (␦ 13 C ϭ Ϫ49.9‰) at the beginning of each run. Fatty straw through time, for which p ϭ 0.002 was used. Analysis of variance was used to test for time and treatment acid methyl ester isotopic signatures were corrected for the methanol-derived C (␦ 13 C ϭ Ϫ44.6‰) during methylation. We effects on substrate-derived C and fungal/bacterial ratios using SAS 8.2 (SAS Institute, Cary, NC). used a mixing model to calculate the amount of substrate-
RESULTS
The dominant trend observed when all treatments were analyzed together using PCA was that detritusphere and bulk soil PLFA profiles were different (Fig. 1) . This trend accounted for 47% of variation in the data. These groups were strongly significant according to MRPP (p Յ 0.0001).
A number of significant indicators were identified by ISA (p Յ 0.001) for distinguishing bulk soil and detritusphere samples. For example, 16:0 and 18:26,9 were strong indicators of detritusphere samples; in contrast, i15:0, a15:0, i16:0, 16:17, i17:0, a17:0, 17:1, cy17:0, and 10Me17:0 were dominant in bulk soil community profiles.
Individual Treatments through Time
Bulk Soil ples from 0.6, 1.6, and 15 d, and from 18, 50, and 80 d bulk soil samples at most times. Detritusphere ratios were produced by PCA (Fig. 2b) . These groups were were much more variable and often significantly higher separated primarily by PC 1, which accounted for 51% than bulk soil ratios by two-to ten-fold. Fungal/bacterial of variation in the data. The leached straw and leachate ratios for the leached straw detritusphere and unleached treatments formed two distinct groups when analyzed straw detritusphere samples occasionally varied among using PCA: 0.6 and 1.6 d, and 15, 18, 50, and 80 d (Fig. 2c sampling times but no significant trends were observed. and 2d). These groups were also separated by PC 1, In bulk soils, no temporal trends in fungal/bacterial which summarized 44% of the variation in the leached ratios were observed for control and leachate samples straw and 65% in the leachate treatments.
but there were significant positive correlations ( p Ͻ Results of ISA showed that a15:0 was a strong indica-0.05) of increasing fungal/bacterial ratios with time for tor of microbial communities at early samplings ( p Յ leached and unleached straw treatments. 0.002) in all amended treatments. 10Me16:0 was also a significant indicator of early samples in the leached Incorporation of Carbon-13 into Selected straw treatment. In contrast, longer and more complex
Phospholipid Fatty Acids
PLFAs were indicative of samples taken later in the incubation. In unleached straw and leachate treatments, All PLFAs in the unamended control had similar ␦ 13 C 16:17, 18:0, and cy19:0 were associated with late samvalues, which were slightly depleted relative to the ␦ 13 C ples; in contrast, 18:26,9 was the only significant indicaof native soil organic matter, whereas all PLFAs from tor of late samples in the leached straw treatment. Beamended soils and detritusphere samples were significause there was no temporal pattern in control samples, cantly enriched with 13 C (data not shown). To simplify no significant indicators could be identified.
sample comparisons we calculated the percentage of C derived from the added substrate. A time-by-treatment Detritusphere interaction was significant only in 16:0 of bulk soil; in all other cases the main effects of treatment and time Despite MRPP indicating statistically significant groups were considered. among sampling times (p Ͻ 0.0001), temporal trends in
The amount of substrate-derived C varied among detritusphere samples were not as obvious as bulk soil PLFAs, treatments, and changed with time (Fig. 4) . samples (Fig. 3) . In unleached straw detritusphere, two
Detritusphere samples contained significantly more groups consisting of 0.6, 18, and 50 d, and 1.6, 15, and substrate C than bulk soil samples for 16:0 but not 80 d could be distinguished. The PCA of the leached 18:26,9 (Fig. 4a, and 4b) . About 10% more substratestraw detritusphere structure was dominated by the difderived C was found in 18:26,9 than 16:0 at each time in ference between 50 d and all other sample times (data the detritusphere samples, but there was no significant not shown).
difference in substrate-derived C between the unleached and leach straw detrituspheres. The amount of sub-
Fungal/Bacterial Phospholipid Fatty Acid Ratios
strate-derived C in detritusphere PLFAs increased by 20 to 30% from 0.6 to 80 d of incubation. Table 1 summarizes fungal/bacterial PLFA ratios. Ratios for bulk soil treatments were not significantly difSubstrate-derived C in PLFAs extracted from bulk soil varied by PLFA, treatment, and time. In general, ferent from each other at any time, although ratios for leached straw samples were slightly higher than other 18:26,9 and a15:0 were the most highly labeled PLFAs, and i15:0, 10Me16:0, and cy19:0 contained the least subnote that often a lag in the temporal pattern of substratederived C was observed with the leached straw treatstrate-derived C in bulk soil samples (Fig. 4) . Except for cy19:0, which showed no significant effect of treatment, ment compared with the unleached straw and leachate treatments. there was a consistent, and often significant, trend for substrate-derived C in PLFAs to decrease from the unleached straw to leachate to leached straw treatments.
DISCUSSION
This trend was particularly evident at the first two sam-
Microbial Communities of Detritus and Bulk Soil
pling times. Four temporal patterns in substrate-derived C were observed among the PLFAs in bulk soil. An inDespite clear temporal trends in bulk soil and detricrease in substrate-derived C with time, sometimes levtusphere PLFAs when treatments were considered sepeling off at later times, was observed in all treatments arately ( Fig. 2 and 3) , analysis of all samples together for 18:26,9 and cy19:0, and in 16:0 of the leached straw revealed one clear pattern: Detritusphere and bulk soil treatment (Fig. 4a, 4b, and 4f) . The amount of substrate-PLFA profiles formed two, distinct groups (Fig. 1) . This derived C increased to a maximum and then declined grouping may have been caused by different microbial for i15:0 in all treatments, and for 16:0 in the unleached communities developing in the two microhabitats or straw and leachate treatments ( Fig. 4b and 4c) . The opmay be an artifact of residual plant and microbial PLFAs posite trend, with substrate-derived C reaching a miniremaining from the original straw. mum and then increasing was seen for a15:0 in all treatDetermining the influence of residual PLFAs is probments (Fig. 4d) . No temporal trends were observed for lematic, in part because there is no definitive way to differentiate between plant and microbial PLFAs associ10Me16:0 in any treatment (Fig. 4e) . It is interesting to bulk soil samples (Fig. 1) , we think it unlikely that residual PLFAs were the dominant influence on either the ated with plant material. Plant PLFAs are generally less temporal shifts in the mole percentage of PLFA that we diverse than those of the microbial community, consistobserved in the detritusphere or in discriminating being of straight-chain PLFAs at least 16 C long with even tween detritusphere and bulk soil microbial communumbers of C. For example, 16:0 and 16:1 made up more nities. than half of the plant-associated PLFAs of grass and rice Microbial communities in bulk soil were characterstraws (Klamer and Bå å th, 1998; Kimura et al., 2001;  ized by bacterial PLFA markers, whereas those of the Nakamura et al., 2003) . But some PLFAs found in plants detritusphere were associated with the 18:26,9 fungal are also found in microorganisms, including 18:26,9, marker. This is also reflected by fungal/bacterial PLFA which is often used in microbial studies as a fungal marker. ratios greater than 1.0 in detritusphere samples and low Thus, a single measurement of PLFAs from plant tisratios between 0.17 and 0.33 in bulk soil (Table 1) of fungi associated with the detritus is consistent with 2003) and are relatively insensitive to residual PLFAs, their role in degrading complex, polymeric C compounds although the degradation of plant PLFAs could also (Swift et al., 1979; Neely et al., 1991; Schimel, 1995 ; result in shifts in the mole percentage of PLFA. If extrac- Henriksen and Breland, 2002) , and is further supported tion efficiencies are known, changes in absolute amounts by the greater amount of substrate-derived C found in of PLFAs, particularly increases in PLFAs, would be a the fungal vs. bacterial markers (Fig. 4) . more definitive indicator of shifts in microbial comHowever, despite higher proportions of fungi in detrimunities and the residual PLFAs from the first sampling tusphere compared with bulk soil communities, 18:26,9 time might even be subtracted as a way to isolate PLFAs was often not significantly more enriched in 13 C in detriof the colonizing microorganisms.
tusphere than in bulk soil. Because fungi form long hyIn this study we were not able to calculate absolute phae, they are able to access and translocate C and nutriamounts of PLFAs because of highly variable extraction ents over larger spatial scales than bacteria (Wessé n efficiencies; however, the fact that substrate-derived C and Berg, 1986; Frey et al., 2003 ; Klein and Paschke, of detritusphere PLFAs increased during the incubation 2004). Therefore, fungi found in the bulk soil may repre-( Fig. 4a and 4b) suggests that changes in the mole persent hyphae growing out from detritus or soil-based hycentage of PLFA of detritusphere samples were due to phae colonizing labeled straw and translocating C back microbial production of PLFAs rather than decomposiinto the soil. This is supported by the difference in the tion of plant PLFAs. Furthermore, it seems unlikely amount of substrate-derived C in 18:26,9 of the leached that any residual PLFAs remained by the end of the straw compared with leachate and unleached straw incubation because at 80 d about 25% of the substrate treatments (Fig. 4) : The fungal marker was highly la- , 1997) . Bacterial PLFA markers were much more varied, however. We expected that the C amendments would stimulate
Temporal Trends in Community Composition
In unleached straw detritusphere, the fraction of bacmicrobial activity, resulting in growth and potentially terial PLFAs oscillated through time, being relatively changes in the composition of the microbial community.
high at 0.6, 18, and 50 d (Fig. 3) . The high proportion These temporal trends might represent a succession of of bacteria initially present may reflect the residual commicroorganisms responsible for the sequential utilizamunity on the straw (Tester, 1988) . The flush of bactetion of C substrates during decomposition.
rial-associated lipids seen at 18 and 50 d may be in response to nutrients liberated by fungal activity early in Detritusphere the incubation. The clearest pattern observed for detritusphere samLeached straw detritusphere PLFA profiles followed ples was an increase in fungal colonization with time.
a different trajectory through time, with bacterial PLFAs During the first 1.6 d of the study, the 18:26,9 fungal being high only at 50 d. The lower proportion of bactemarker averaged 21 Ϯ 1 mol% for the unleached straw rial PLFAs initially (Table 1 ) may have been caused by detritusphere and 24 Ϯ 1 mol% for the leached straw removal of surface bacteria during the leaching process detritusphere; this marker averaged 32 Ϯ 2 mol% for and the absence of soluble C may have further slowed the last four sampling dates of each treatment. This is bacterial colonization. Thus, the delay in the developsimilar to increases observed by Nakamura et al. (2003) ment of a bacterial community seems reasonable, alfor rice straw decomposing in the field, and may reprethough the reason for its decline between 50 and 80 d sent colonization and growth of fungi capable of degradis unclear. Nevertheless, a similar trend was seen in the ing the hemicellulose and cellulose left in the detritus unleached straw detritusphere, and may indicate a genonce the readily degradable soluble C has been used eral decline in bacteria during later stages of decomposition. (Reinertsen et al., 1984; Horwath and Elliott, 1996 ; Savi-The different microbial community dynamics obfluenced both the rate at which 13 C was incorporated into PLFAs and the order in which PLFAs were labeled. served in the leached and unleached straw detritusphere leads to interesting questions about the roles of bacterial Although most PLFAs in the detritusphere or bulk soil were already labeled at 0.6 d, the response was often and fungal communities during decomposition: Do these different groups of microorganisms work independently greater for treatments containing soluble C (Fig. 4) . The exception was cy19:0 of the leached straw. Such an or cooperatively? If the latter, do they work in series or in consort?
increase in substrate-derived C can only be attributed to degradation and assimilation of labeled substrate degBulk Soil radation, because PLFAs closely reflect the signature of substrates used during synthesis (Abraham et al., 1998) . There was no detectable shift in the PLFAs of control These results are consistent with Hanson et al. (1999) , soil communities, which suggests that changes in other who found 13 C in all PLFAs after adding 13 C-labeled glutreatments are attributable to added C. During the early cose to soil. Generally, the more highly labeled the substage of decomposition, microbial communities in bulk strate, the more highly labeled the PLFAs; unleached soil from all amended treatments had similar PLFA straw and leachate were more enriched than leached profiles, being primarily characterized by higher mole straw until later time points when most of the leachate percentage of 14-C and 15-C PLFAs, which are charachad been consumed. teristic of bacteria (Myers et al., 2001) . Bossio et al.
Although both i15:0 and a15:0 are generally associ-(1998) also saw increases in these short branched-chain ated with gram-positive bacteria, a15:0 became labeled fatty acids in plots receiving large straw inputs. Because more quickly and to a larger extent ( Fig. 4c and 4d ) in all three amended treatments had similar indicator bulk soil than i15:0. Several explanations are possible PLFAs during this early stage of decomposition (Fig. 2) , for this phenomenon. First, gram-positive bacteria are it does not appear that the type of C amendment had a highly diverse group of organisms containing such a major influence on structuring the microbial commugenera as aerobic Bacillus and Arthrobacter, and anaernity at this time.
obic Clostridium (Paul and Clark, 1996) . Thus, organAs decomposition continued, a distinct shift occurred isms included in this group may have very different life in PLFA composition of the bulk soil communities in strategies and, although they may all produce i15:0 and amended soils toward longer and more complex PLFAs a15:0, they may do so in radically different proportions (Fig. 2) . This shift occurred between 1.6 and 15 d for (Haack et al., 1994) . Enrichment of a15:0 but not i15:0 leached straw and leachate, and between 15 and 18 d may indicate that a subset of the gram-positive bacteria for unleached straw. Regardless of the exact timing of with higher proportions of a15:0 in their cell membranes the shift, unleached straw and leachate communities were active during early decomposition. Second, it is were distinguished by increasing the mole pecentage possible that the same types of organisms produced both of PLFAs associated with gram-negative bacteria (e.g., i15:0 and a15:0 but at different times during their life-16:17 and cy19:0) as decomposition progressed (Fig. 2) .
cycle or under various growth conditions (Haack et al., This may reflect an increase in bacteria in response to 1994; Petersen et al., 2004) . In this case, the high percentthe soluble C added in both of these treatments, and is age of substrate-derived C seen in a15:0 could merely consistent with the interpretations of others that bacteindicate that a15:0 is produced preferentially during peria are the primary users of monomeric C compounds riods of rapid growth, as Haack et al. (1994) found for (e.g., Paul and Clark, 1996; Myers et al., 2001) .
Arthrobacter and Bacillus in pure culture. The increase in cy19:0, which was also observed in 10Me16:0, which is considered to be an indicator of the leached straw treatment, might also be a response to stress conditions (Bossio and Scow, 1998) . In the case actinomycetes, was fairly uniformly labeled in leachate of the unleached straw and leachate treatments, cy19:0 throughout the experiment and increased slightly in unmight have been produced once the bacterial commuleached straw and leached straw through time (Fig. 4e) . nity ran out of the easily degradable, soluble C. With Actinomycetes are a diverse group of gram-positive bacsoluble C removed from leached straw, the bacterial teria capable of producing depolymerization enzymes community may have become more stressed as a result for recalcitrant compounds, such as chitin, hemicellulose, of competition with a growing fungal community.
and starches (Paul and Clark, 1996) . Thus, they play an Both unleached and leached straw treatments showed important role in the decomposition of straw resulting increasing ratios of fungal/bacterial PLFAs with time in more 13 C incorporation into PLFAs than with leachate (Table 1) , although the 18:26,9 fungal marker was a alone. Additional work with more discriminating methsignificant indicator for only the leached straw treatment ods would be required to determine if different types of (Fig. 2 ). An increase in fungi as decomposition progresses actinomycetes respond to unleached straw and leached is consistent with their commonly regarded role as the straw. primary decomposers of more recalcitrant C (Schimel, Of the lipids analyzed for 13 C, cy19:0 was the most 1995; Myers et al., 2001; Henriksen and Breland, 2002) . variable among treatments over time (Fig. 4f) namics in microbial communities during decomposition 282-290. ( Fig. 2) . These dynamics appeared to be less influenced PLFAs (Fig. 4) , than by the presence of the more recalci- 
